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20. Abstract continued

was investigated for surface study of these three samples. For those
samples which are implanted , the results show a large change in trans-
verse acousto-electric voltage . Using light of variable intensity to
illuminate the surface of the sample through the I~iNb0 , we can obtain
a quali tati ve measure of the surface state density and~charge carrier
densi ty at the surface. It is also found that the inversion layer pro-
duced by implantation n~ves toward the surface as the light intensityincreases. jx
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.-,i~ m .  .‘ .~ a .  - wave dolay lines wi th  seinicondur-tor on :.iNbO structure were used for the study of
“r e  ~~ 

‘ ‘  
~~ ~~~~~~~~ ‘ of i n implanted silio-,,n sa plr ’~~. To a”h ir - v e 1the same pr e r a rat i -  n condit ion and the 

.t , two i o n  implanted silicon samples were mad’ from a 10 ohm—cm N-type z1l~~’ - o r  waler wi th a
1.- C- ) ‘:‘~~~‘a - -  ! otat ~ o. Boron ions were implanted to dif fe ren t  depth: , 1200 A and ~~00 A~ fo~ toe ne two

A I .:Jc _ - m . _ ty ~ n ‘:j i i ’ .- ’ T-n vith  a h igh quality surface was a m ,  prepared f ’ - o m ; . e r i s o n  and r ’~fe ron ’ 
-.‘ l ta . ’ ;4it:. a’.- o u n t i ’  power of sariable ir:pot ~~ s invest igated for surface study V ti c’ three  
. .:o :am~1~ .: which are implanted , thr ’ results show a large ‘ -har.ge in t ransverse ac’ , tcel~ :tr ie

;ot V mriable intensity to illuminate the surface t the sample through the L 1Gb~ , w~ “ar
‘j r . ~ :. i t at l ’ ie  !neactu- - - ‘f the surface state densi ty and ‘-oar,’- carrier densi ty at the surface. it in also

-it to- i -  ~r s io r :  layer produced by implantation ~~ves toward the surface as the light i r t ~ r . i t y  i n ”  aces .

d-~ ‘ ti c’r -:

u t i  ‘.‘~a -p- ( , e W ) devices hate’ been an -type sample , the surface  charges rir , a ‘oon ilate’J
tOe st .:l:; - f semi ‘ : r :duct ’  r ’ .:or— and when U is negative , tL~ semir ondu ct ’ ’r ‘ c - f r i - ’ i s

tr~ hni  ;‘s. , th e .:‘, :rfa .’e o f ‘ - mi .r , d uo — e i t he r  depleted or inverted . The re~ ulti c, a t’, ’r :u at or ,
r ‘c c :  r’ ~~‘ ; t  is  p la  ‘. c. ar to th--  sur fa  -e ‘ f a ‘z and acoustoelectr ic V , - are a funct ion  V ti . anon ’ t

~~~~~~~~ -:‘- parated b’. a u n i V  ~rm air gap. of bending potential U . J.igh.~ Inc ident  e t ’  ceini- 
j in ear  ccor’ ij o’ V mi condu-:t ,r surfar ’e-cbarge condu tcr  su r f a ’o  can ~e u!ed to vary ‘J , r u -  the i-

- trrierc wi t:. t h - -  pies ~l” ’ t r - i o  field accompanied with - - id ’ r r : t  Intensi ty will change the ch a r r  ‘ ‘ ar r i ’  r’ ‘1’ as i ty
pa -sti r . - on to- rf a”~ V substrate gives at the surface (and hence U ) by band t’ band ‘aor~ ~r

r i  t -  an a • ‘~~~-te1e ~ •j - rff ’ t .  An a result of generation as well as by fihing ,;ur’far o tror.o . ‘~~.r’
i - . - - r ~ ‘ti ’ , a -: ‘~~ in ’ ar .i” if c ‘ .rrent will flow time dependence of attenuation a d  a:r’oste’Ietric v it-

or. ’ cmi - .d ,t”t::’ - “:pcrti’ -al the product of age is a measure of the lifetime of sor fa ’- .-  state t.y’er :n
1-. tci  -

. f io l i a: ‘ia t . . d wi th oh I A ’  and perturbed located in that part of the enerpy band gap - f  tho
r d .  ‘t - o ta i n s  ti: - cr ’-: od harmoni - semiconductor being swept by that particular u 5 .

- , a’ :1 a -j ’  ~~~~~ The d’- to -c, is  the s~ ur oe
a “m:. t I - ‘ t r ’~ l tago whi ‘i , ~an b’ dcte’ t’-d Both aco~ s~ oelectric voita :’e ‘ end ‘,ariat:o.o .f

a , ‘. w- :ac .  f i l ter  aol  ‘as two components: one a t tenuat ion a ‘ are used for the ‘t d y V semI ‘ -,r , du --
. d i r ,a .  in the d i r e ct i ’ - n ‘V propagation and the tor surfaces. When the var a t ic r . : f a t tenuat ion  iS

‘ - ann - ic r - :;- , no rmal t-; the  s ,irfa o . used , th” termi nal “3” f the J’, ’ci - . ” is fr - er -  and it can
be used to- apply a dr- electric f ield ro-rmal to the

A r r ’r - levI -e for measurement has usually three semiconductor surfaco to charo’~ tn c r - Va ~ bending
t ’ ml :al r- t e rmina ls  “1’. and “2” ar’ connected to the potential and bias the in i t i a l  surfa e ‘-n d i ’~~c :  to
Or - ac ‘dc -er - :  ‘V ti -- ~‘AW delay line a’ I terminal “3” is accumulation, depletion or in ’ir . r n i ’r :  at will.

‘ , r: , ,-t ’-d to tOo bac~’ side of to’ semiconductor sur —
‘ V b’ Oh te~~iioal n “1” and ‘ as’- fed with a rf When V is used for r u r f a ”~- study the :r.ift in

1.1 ’ - , t ermi cal “3” der,~~nstratec th- convolution, surface pot Rntiai is done c rJ,~ h ,; appli -at ic :  F an
W i n .  termi nal ‘ 1” is fed wi th  a rf pulse , terminal “2” intense l ight.  3in’:e V is a ‘ - a p r - i t i v : ’ c ” c p l r d
: . - w o  toe variation ‘V delay line attenuation, a, and potential from the piezoher-tri - field , i t  is a tr ’ari z-
0 rrci oal “

~~
“ throu, h a low-pass f i l ter  shows the nor- ient signal and the z teady-nta t  -~f the wav’ f:- r ~n h a s  a

ma! ‘mr” :r or - . t of accoastoelectric voltage , Vac~ 
Be cause zero voltage level.

. f  tr.i ’ ac-,-untoelectri c coupling, the SAW propagating
n the surface of piezoelectrie substrate will suffer In this paper we will devote most of ‘ or attention

~~re attencation and the delayed rf signal. from ter- to the study of V
a 

variation and relate that  t sur-
minal “2” has an amplitude variation related to the face potential of silicon wafers which have ion im-
reml ---idu ”tor surface prororties . planted layers in the v ic in i ty  -f the c~~’l ’ ice . The

presence f an implanted ion distribution near the or--
flue to the nonli near interaction of the charge face has the effect of changing the shape of U as a

carriers near the semiconductor surface with the d cc- funct ion  of depth into the semi ondur tor.  Thug , the
t r io  field associated wi th the SAW , both delay line location of implant and the shape of its dl rrt r ibut i n
a tt ’ ;uatl a and acoustoelectric voltage are a function relative to the value of the ef fec t ive  i~ ’byr length
o f ti.- initial. condition of semiconductor surface corresponding to the doping distr ibution, will deter-
potential u prior to the interaction to the SAW. In mi ne the degree of SAW in te ract ion  with the charge
the absence of surfac e states the surface potential u5 carriers an d hence , the acoustoelectrie voltage.
equal s the bulk potential in the semiconductor sub-
strate . I~ per iment

h owever , the presence of surface states will bend The experimental arrangement is shown in J i g .  1.
the ener~~r band in the semiconductor , resulting in a LiNbO (Y-z) is used as a piezoelectric substrate .
non—zero value of the surface bending potential, U = Termi~als “1” and “2” are two identical 112 MHz inter-

- which can be positive or negative dependent digi tal transducers which can be used to generate a
oR the type of surface traps. Whe n U5 is positive for SAW propagating on the highly polished surface of the

1976 Ultrasonics Symposium Proceedings , I~~~ Cat .
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C , , J .’plet .0 ‘a~a- -~ tar, ‘ - ; C ,, rap ‘a- a’;: ‘a’ cc; C . ,
b t~1k oaoa’-i tar , ”-- a ‘r - n ; the ~~- b~ ’ lr ’agt~.; a o l

capacitair’e ci’

‘fl’~i t:, ”ee capacit- : rs 2 ,.., “. a l  “
~
, are  I r a  :;e!-ies

- -r wit :.  F,,, , bulk reslstar:~e - f ’tr. & ‘cax,; I V and toe;’ r”~~ r’ -
- 

~~~~~~~ s ot  t~ e source impedance of the ‘I , aso cial r a g  the
- 

-
~~ surface potential  has c t  inv.rte l ‘ 0’ a ti :‘ ‘ or - f a a .

- - -cR-t~ ‘,!2”t~!5k’.°_,,’ ‘\!)ou~~j’ The a- ’ uusto”l ’  ‘-trI o v’ -itage , , 1~- a r’o, .ul, t I
- - ‘

~~~~“ peeturbation of thi- surf ~~-.- prc tent al by ‘AW propaga-
‘-.,‘.S( t~~’~ 

_- ‘ ‘
~ O O ~3 1-  TR~~~ &)UC(R tiofl wr, i-j  mainly ‘-onsi s ’,c of a nonllr . - - ar part  U ’

5~

therefore , the surface b er:dlra ,~ i ’t ” .tiaJ. will -:- raani’e to
1 — ‘METAl. U ‘ = U -. u ’ . Since th’ r,or., l irj ear ! ty V this  c- up —- 

l~ ng is5much ~t r oro~er for a semi’on’l u Ocr with charge
carriers at the sir -face d”pi- t ’- I , t h e r - f  re , for an N-
type semiconductor u’ js positive.

When the semiconductor has a hir’t. quality surface
without any surface states aid any ‘- xte ‘ a l  applied
field , the surface potential ‘,r, is € ‘rcal to the bulk
potential a,, resulting in a ze~ o benril: , ;  p tential =

-
‘ 

u — a,, 0’°(flat band r- - n d i t i r r , ) .  In  practic e , ~~~~
s~rfac~ states are alway s f r i-sent and U has a n onzer o
value and i t  can be either p csi ti vc. ~cgati’ie depend-

F i r - .  1 Experimental configuration for SAW interaction ing on the ki nd of surface traps.with semi :‘: n dw-t cr  surface
To explaira the shape of aooust c ’l’r ’-t r ic  voltage 

ib st rate . Terminal “1” is ted by a 11~ MHZ rf shown in Fig. 2, consider an N-type “mior r d u ot o r  wi th
~iJ.~e

1cV variable duration and a rise time of less than a moderate density ‘-f surface traps arid some val ie of
Ic n a n o s ec o n d s .  Propagating SAW will pass under the U ~ 0. When SAW pas ses under th-r r’, -rni~~ ,n d u c t n r ’  tieimplanted surface of silicon sample , separated by a V5 rises to V where the N-type surface is depleted

air gap fr-cit the surface n-f Lj Nb0 .~. An ic r~~ult1ng in a~storage of positive charges at the sur-
In.~ techn Ique  is used to electronically reveal a U -r i -  face . These charges are captured by r urface traps and
C” or- pressure air—i ,’ the sample. A ligh t source was screen out a portion of peak acoustoel’-’ctric voltage ‘/,;e-l to il luminat- ’ the ~i 1iocn sample through the during the time constant 1’ and unti l  acoustic pulse
LIN ~~ .. by providing an opening in the back metal con- exists under the semiconduc~ or. When the acoustic pulse4 tact ~f LiNb0~. terminates, the resulting output potential reverses t n

-V and decays to zero by time constant 1’ • Thers-al. - ,m~onent  of aeo’sstoelactric voltage Va~ de~à~’ time T is the result of dischargin~~
’the t .’-r-ar. be detected from termi nal. “3” through a low-pass mina.l. capaci t~a~ce and relaxation time of surface traps.f i l ter .  Typical. waveform for ‘1 ,~ 

when the rf pulse
duration is relatively long, iSaShO~~ in Fig. 2 . It The difference V —V =Vd is the portion of V

which is screened out~by~~raps and consequently, k’5 a
measure of density of surface traps. When the surface
of semiconductor containing surface traps is illussi na-
ted by a moderate light intensi ty, the surface traps
are filled out and V increases to the value V andrf Pulse becomes zero. The sk~e result (V =v ) c-an be ~bscrveAA AH A HAHHAHAAHIIAAIA of a semiconductor with a high quRii6 surface at dark.

YYYY~YYYYYYYYYVYY YY~Y~Y Three samples S , S2 and Sq were used in the ex-
periment. S is a l~ oflm-cm N-type silicon wafer with
a (100) surfice orientation and high polish surface.
The surface damage had been reduced by growing 2000 AT ~‘)~J~

.r2 
~ coustoe Iectric Voltage , v~ 

Sio~ in a 
~~~~~~~~~~~~~~~~~~~~~~~~ 

removi ng the oxide .

J V~ p~anted ~ith boron ions to different depth and subse-
______ -

~ quently heated at high temperature t-r activate ti:-
r V boron atoms as well, as to anneal the damage to the 5cr-

face caused by the implantation. In S2 and S~ thet’2f imp1an~ distributions were centered at 1200 A , end
3200 A respectively . in both -aces tie standard dg—
viation of the implant d is t r ibut ion w~~ ab~ut 61e0 A
and the implant ion dose was 2.5 x 10 /cm

Re sults

Fig. 2 Typical trace of acoustoelectric voltage for Acoustoelectric voltage was observed as a fuflctionN—type silicon samples with fixed light inten— of incident light intensity and the data of both peakssity to define the paramaters of interest . V and V wore taken on each of the three samples . InThe initial peak voltage is V • The subscript a~i expe~~mente , the i nput rf pulse was 15 volti peak-f will be added to denote par&neters associa- to-peak corresponding to zero dB. Results are plottedted with the final edge of the rf pulse, in Figs. 3, 1~ and 5, for samples ~~~~ and S~ respee-
tively . In these plots , the ordin&tes In isv ~re peaks

was indicated that V is a capacitive coupled poten— of acoustoelectric voltage; solid lines for V and
tial • The mai n cape~~tors for this coupling are : p

206
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Fig. 3 Acoustoelectric voltage as a function of rela- Fig. 5 Acoustoelectric voltage as a function of rela-
tive intensity for sample 5,. Where the solid tive intensity for sample S~. The numbers in
line is only shown indicatet that the dashed dB in each curve denote the-~attenuation of rf
line is coincident on the solid line. The from 15 volts peak-to-peak.
numbers in dB in each curve denote the atten-
uation of rf from 15 volts peak-to-peak. 

I I Ip 20 30 40 50 eo 70 ~p 
~e uo

8ELATIVE INTENSITY —

b

Fig. 1€ Acoustoelectric voltage as a function of rela-
tive intensity for sample S2. The numbers in
dB in each curve denote the attenuation of rt
tram 15 volts peak-to-peak.

dashed lines for V . Where the solid line is only
shown, indicates tRit the dashed line is coincident
on the solid line. The numbers in dB in each curve -

denote the attenuation of rf pulse input from 15 volts
peak-to-peak. Fig. 6 V for a nonimplanted N-type silicon from the

5b. ingot of sample S1 when surface, inten-
In Fig. 6(a) an oscilloscope trace of V is tionally, is not clean. (a) Surface ii at dark;

shown . The sample used here is an nonimpian%k N-typs (b) Surface is illumi nated by light of moderate
silicon from the same ingot of sample S1 but no in- intensi ty. )Iorisontal scale is 0.5 as/div . ;
tantion was de for special surface triateants and vertical scale i~ 2 mv/div.
surface is at dark . Therefore, surface traps are
higher and can be observed by the difference V -V,, . surface tr aps and it can be observed by noting V -V
xn pig. 6(b) the saae sample of Fig. 6(a) is ulsVbut p p

th. surface ii illuminated by white light through Figure 7 is a ailti.xposure oscilloscope picture a
Application of li ght will fill up .11 the taksn from the waveform for sampl. 81 ~~~re

_ _  _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~JIIJ
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Suc eSs~~-/e t v a - ’-s’ 0 r r - -~~~~ - , i  t~ - 1n ’r ~-as1r ~ 1~ w,~’.t inten — on the three samples. In S1 (Figs. 3 and 7) ,  V re—
51 ty and ts- -- ,- ax - -- : ,, r ,0&LL’ ,’ r~ .1 f t — i l  f~, r -lan ty. mains constant at low value of relative intensi€y and
Ide’~t~ -a± ‘ u:nb~-r /  C r - r - - O r , ’ r , i  0 - r , -’ t ra -t- wi.e ’ . the decreases as relative intensity increases. The differ—
peaks In  ~i..- ~:~~r r e n t  5 , 1 1 w ar t  f U ..- trace are ence between V and V~~. is very small , and it is prac-
V and r~-s~~~ ‘ t± ;e lI,’ , ar. 1 tIc .- f i  m t  tra -’- is / at tically zero wRen the~rf pulse to the SAW transducer
dkrk. :~ t~~~ ; f ~~,” .x-’ - Or. .- l w i ’ - r , c ±  0 ,’ cf surfa e ~€a~es was attenuated more than 6 dB. However, in the in-
ra:i be t~r . r-- - --’i t : ,  - ,

~ ff- --r.-c-,. ~ ‘/ - ‘.‘~~~. is  very planted samples S0 and S D (Figs. ~, 5, and 8), V in-
small at dark acd ’~’~ w:1 tend t c z — r ,  at t5DY’l~-ve1 creases at low values of relative intensity and toes to
l igh t ,  a maximum and then decreases as relative intensity in-

creases. V shows the same variation and the differ-
ence betweeR V and V is initially vary large and
decreases to zero and~ then changes the sign as the re—
lative intensity increases. This difference of v -v
could be observed for S2 and SD even when the rf f~uiR~is attec,~ated more than 10 dB. -’

Figure 9 shows variation of four related time con-
-. 5 stants of acoustoelectric voltage for sample S , as a

function of relative intensity. Time constanJ i- 1and

~: ~~~~~~~~~
— - - 200 rr i g .  -~~~~, S r s a r n n l e  wh ”' z- -- : U - ’e s s ive t ra re s  cor_  ‘ ‘

r~-~~~ ,- ,d Or , : 0  ‘ re as s o ,’  I i 1 .t int ’-n sity and they - 00
4 ar— Icc r -Iz ntai l sr . I f t e i l  f r  ‘- la.rity. Hor izon—

taI  ‘al e I —  0.1 r-ns 1~I I t .  ; ver t Ica l  scale is 0 so- 30 40 ~0 60 70 80 90 ~~~
5 rm t’1’Ev. CEL A’ i-iE U EUSiO —

~ is ar , tho r rc ’s lt iexp -c sui-e oscilloscope
pi t ’sre taker, fr ’,zn I arn~l-’- - ~~~~ : -;ar iatio n of V V
and .‘

,~ 
‘an be observed as t~ o l±s~r -t in t e n s i t y  inc~ eas~ s

wi th  s- ,, ~ceis ive  0r a’ -~- s .

Fig. 9 Variation of four related time constants of V
as a function of relative intensity .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ are considerably small as compared with T 0 and
T24.. ~~- , and T both are initially large and then

- evèntuafl,y, decrease to a value around 20 ~s. Timeconstant has a peak value around 50 to 6o% maximum
available intensity and time constant 

~ 2f 
is high and

remains constant at low intensity and then reduces as
relative intensity increases and remains constant at
high intensity. The four time constants of acousto-
electric waveforms were measured as a function of re-
].ative intensity for sample S2 and they are plotted in

Th correlate acoustoelectric voltage with delay
line attenuation and qualitatively explain some of the
observed phenomena in V waveforms , terminal “1” was
fed with a (10 volt P.P?~ rf pulse and delayed outputwas observed from terminal. “2”. The data of attenua-
tion as a function of relative intensity are plotted

a for three samples S
~
, S2 and 5, and it is shown in Fig.

10.

- DiscussionFig.  0 1 for sample S9 where successive traces cor—
r Spr nd to incre~sing light intensity and they Since sample S unimplanted sample, had beenare horizontally shifted for clarity. Horizon- prepared with speciAi surface cleaning treatment, wetaj. scale is 0.5 ms~div., vertical scale is expected a low density of surface states and as a re—2 my, V•  suit, in all the observed waveforms the portion of V

We note qualitative differences between the data ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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: - - - -  si~~ .’ a r . s  Ti r ate a - 5 5 0 ±  - ‘ u ~’r s (10 or 15 fr- rn the mass of inv .,- r s ± -  - - l a - - v  ‘, , ‘,, -  , ‘ ‘ .Y ad t ’-rmi al

.,. 1.- c.- i’.- s-at s  cv- cr u In FIR, . 3. resulting In a l i r n it at i -  10 1’ 0 - ‘‘. 1 , :  a 1
being charged Ini t ially to to.- may.imun a ,ailabie v- ,r-
tage . Th - - r ’ , - fnt - - , ‘il .- - r m - r - s 1 n ~x r , i o t  t ‘ - - c- - l i-i I ± ~- - .

J and dashed l i x”  j c~~~:i”sr’~-r - ~ c r 1  5 a’; 1 - - n ’ l an a
measur e of der,th - F i~~T.l .- t j r , r r  c c l  I ’ - “ v - I - - ca layer ,

2 
deviation of ~er - mJ, E- r - f - c ’ ~-/ fr om rat ,’ .,’ xii ‘ : ‘ .-a 1-i~ ,

• s, conduc tivity, arid tr~ - lr , ’atl’A , f Or ,  implant and Oh’:
shape f its distribution. F1, ’o ”— I ‘ r o w s  ti’’- :“- ,ou ,]tn

- 
- ,~ of dat a taken on sample -0 . Th’~ va r i a tion  f  55 a

i t i - H I t  
~~ r 

mij a ,  as

— C - and dashed lineS ~rv”z h if t e d  touar-’i~ h j i r r , ’-r l t , t - ’r ,s i t ies
-~ 

- 
Ind icat ing  deplet ion layers are ‘-e~, er j r ,,J J’- ‘~~,‘r ou r—

0 fac e . This is true because sanc; l’: ‘~ D has an implant

~,, I I 
distri~ ution , peaked at 3200 ;~~ as --dmpar -d w i th

a 0 I C 50 3 0 4 ~) 50 i0 70 80 90 OO~~ 
1200 A of sample

etLnrfv~ ‘.‘~~N S a T Y

sation as a fur; - t I n  xi r f  relati ve inten— The results on time O’ - r r x - t~~r : t 5  of a

s i ty  f r all three s~~p1es, 
waveforms, plotted for implanted s~mr- J ’- , in  - i ~~. ~,
are very diff icul t to in terpr e t  at tr.i t~rnc. r

r , -~ r~ cr -~as.’~ .-f V ur n re lat ive ±: ;t exrs l t y  irs ‘rea ses qualitati-re explanation of V tics’- ‘- oc r- ta r ts, i -

3 t o— r s’slt - F il’ pon d ” -  0 n-n an - us toelectri c necessary to use a light f !~ ra - ’1” t’ r r - - io-  n y  wI tIc van —

‘~-Its,” ~nd s1±~ ht attenuation of delayed output vs. able Intensi ty . The wave len gth  r ’ -n r - ’  x xi’,- f  a’-cos ’.
x - ejati -,‘ i n t e n s i t y  see ~i ’ . 10). A m,iltiexpc sur e ~~~ 

electric voltage at different I r ; ter ; ’r i ’  -s pires u ’s a
‘il1o- ~~~ pe ~.i -Our ” - o f  i i ,’ . 7 covers some part ‘of the reasonable enowih knowledge to rxaecxs ’ r r - -  1. “it± nn  ~~; ‘l

:‘~~ a x l  -tt ~ I i - i  Fi g. 3. Oere  we - ‘ar observe that the kind of traps ira surface arid its vicini ’-:, and th ’-lr-
-
~ ‘t• ~’ d’ xn.; lty is very small. However , in Fig. capture and relaxation times. This u- r ’~ i s  In r r r , _

o Os , -- ‘-an ’ s i l±~~’ n rt  sample shows a hi ,~h density of
,‘ -sn f a ’ - - tate- s f c n  Ox , — r- --ascn we indicated before.

In con clusion , the t ransient  ~hape o f a ‘ - r o t ’ —

:-~,
--
~ 1 - ‘c n S ± - ’ t , ’ partially of a ‘- ic r ensat ’-d elec tri .- voltage Va produced by a surface a c m ’ o t ± ’

01,’ implanted laj r and has a ‘al’- ’,dat d wave closely coup1e~ to a ~1l ion  N ~ U r ’i0i” with i c r  i rn-

- - P ~. 
— 1i bulk n-n t-- - t i~1 averaged i- s  Debye planted layers n”ar the sur face I a n  be - - c shown ti Fr-

i-- - - - o r  w v.1:-- th i- P— ty x~ subst rate h~s ax. or ig ina l  ~~ = 
dependent ~-n trr~- i rnr - l ant e - d  i ’-o dj x - O r ’ i b  , t~ n . Tb’ I r r —

1’, w~.i ‘o is con stant thro-u , ’l. Oh— bulk. The sample ~~ 
teraction between n . h  ocr. samples err - s O t ’ ,i ± i S  - -or :tr ’  1-

h i ,~- ,tl’; : ;- tyr e - at th e- :,ir f a se  ax I as the layers are led by surface illumination tnr ’; - r I ,  the iflbL , Oh ’
I ’ - -- n  Ins ide-  the surface we have f i r s t  an inversion results presented here d emonst r a t— r d ~n r a ’ a- - c u ~ toe1’ o-

Or ‘~ ty ~ .’ s .d tI e: ; z”o m. -J i -n - ’- r s i  - -
~ ba--k t ’ the origi— trio voltage V is very senSit i  se- t .  1 ,- ,ot and It. ‘-a x;

- —1~~ ‘;-oyp-- . mis -rex h’ r-,,tI , ’-ccn ti- -aily I n t e r p reted as be u s ’d  for a nóndestruct i ve t e - o t i  rip - V 1: - n  lC- r t ~ d sIr ’-

l ’ws : ax - - nod ~~~ ~ fr  ‘- tIc ’- inr f a ’ r ’- int rinsic face , tb -- depth of depletion and it . ‘ i c r :  layer , type
le ,e]. sta r ts t- h- - l ‘s m w a r d  n ssing th~ Fermi of semiconductor surfa ’- (~~—tyj-e or -0:,’ ;  - ) and d is— 

1 kr / i c  A° and : a -o ’- - it s  maximum at 1200 A° and t r ibu t i on  of implant can qualitstiv- - ly I~ studied by
0’,- - ’ : 1-; ’~’ s r — n , c ros.-’ ± r ,i - c-ne more t iri-~ the F’- rmi level th is  rnet~r nrd .

-it ~0C ar -i rea dies the oox-V a - -n sh i shO ly  below the
F-’ rro ± I-  ‘;‘ 1. Tn tin s h- ni±o-~~’~- ’rsi—±otrin :ic Fermi i !LLII,uls
1ev- I alwa :-s [ ‘ 05±0,:  sb rn tine i x a O r I - ,,ni - Fermi level , 1. P. Das , M. E. Notarnedi and F. T. W ’- b st er Appl
t r , e r e f ,r - ” , pcsi~ ive - - i - C r - i S  are a - s imulated withi n the ih ys .  Let ters 27 210 (1975)
d e r t b  - f  3000 A f’rcrx ; tl ,~ s-sr-fe ” whi -h has a peak -

‘;ul’s’- at 1200 A° ~ud red’;srrS  -t ear the surface . For the 2. A. Bers , . r . Caf arelia arid B. Burke . A~ :’1. Phys .
iep t i ,  of bOO A°, the origi nal -O;ip’- is depleted and i,’-tt ers , 22 , 399 (l9’r~).

d eeper  1’ouid~ the surface is inverted 3. -1 . Gchiasaki , 7. Knroda and A. Kawabata , ,-~ip1 .
- ‘ 

Phyii . Le tte rs , 26 , 360 1975).

~
:
~
:‘sre a shows the- n - - r u t s  -f data taken on sample — 

-

The In i tial ri se- nf  V is due to the increase ~ ~i .  I .  Das , k . F.. Illotarneds and B. T. W- , br --I’ -’r , Vc-hI - -i
a~ t e n u a t i r n  r~ , as a f-An2t ~ n n  of relative intensit y~~ 

.rtate El’ ctronicix , 19, 1.21 (1 17 ( 1.
‘ see : -ie .  10). After the attenuation passes the peak , 5. i f .  ;ilb a , M. F .  Mot wncd± and 0. a r -  Appl ~~
‘I te nds 0.  decrease which is the sa~~ effec t of 1/~~ Le-tte rs , 27 ,- 6iii 1910). 

-

d~ pexr :i e::t ‘,r ar ,oustoelectr ic voltage. The difference —

‘soltag’ b—Ow ’- ’n ‘/ — V )V is positive at low level 6. M. F. Mo t anredi , P. T. Wcb~ t er- an -I • I - -is , 1975
li.,-i;t and as the r~la€fved int ensity increases It be— ~~~~~~~ i~~trasonics Pymposium ‘re- ’ ’pdinr,s , p. 665.
come s zen-n and eventually changes the sign and become s 7. II. Gilboa , M. F’ . Motasr’—di arid -a~ 1- ”5 Ultra-
negative . It should be indicated that the negative soni”s Pyrnpo sium Pr oarx eedir r r ’s p. f~~

-
~~) 

-

value of Vd at high intensi ty  illumination has been 
- -

- h o e - r e d  only for implanted silicon surfaces . For non- 8. P. Das , M. F. Motamedi , . ~i1b ’cr n c r - I  H .  T. Web-
iicr- l a r ~~ed silicon samples, at low intensity Vd is posi 

ster , J. Vac. ~~~— • Techno l . ,  1- , ‘-J ’~ h, .JulyJAuf.
t ivt  ~‘ .1 at moderate intensity levels (~i0% to 50% maxi- (1976).

niwir a’,rellable light intensity ) it become s zero and then 9. M. E. Motamedi and 1. Das , 0 bi published .
remains zero at higher intensities . 10. r. Das, M. F.. t4stamedi arid ii. Bharat , to be- pub-

To- explai n qualitatively why V being negative for 
li shed.

Ion irnp lant”d :smp1~~ at higir level~~of iight thtensity *Supported in part by the Office of Naval Nesearoh ,
Contract No. N000l14-7)-C-0772

relative intensity increases and so inversion layer
moves closer to the surface. This mathematical inter-
pretation ind icates a parallel resistor should bridge
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